orkor occurs when the main deficiency is in proteins. Severe clinical disease in young children is characterized by cessation of growth, loss of weight, edema, dermatitis, and depigmentation of hair. Inadequate mental development may accompany altered physical development. Older people suffer ill health, have reduced ability to resist disease, and are seriously impaired in their work capacity. An important consequence of protein malnutrition is the impairment of the health, vigor, and efficiency of future generations. Protein malnutrition probably is the world's foremost public health problem.
The nutritive value of dietary protein depends as much on its quality as the total amount present. The best sources of the best proteins, those having the highest biological values, are foods of animal origin, i.e., meat, milk, and egg products. Animal products also are rich in other essential nutrients. It has been estimated'0 that 70 per cent of the world's supply of human dietary protein comes from vegetable sources and 30 per cent from animal sources, varying from 70 per cent from animal sources in the United States to 12 per cent in India. Quantitatively as well as qualitatively, animal products constitute an important part of the diet of the people of the world.
The FAO10 short-term target for animal protein in the diet is 15 gm of animal protein per day with a long-term target of 21 gm. Currently, the world animal protein supplies average about 20 gm per person per day. 12 It is only 9 gm per day in the underdeveloped countries containing two thirds of the world's population (Tables   1 and 2 ). In view of the rapid rate at which the population of the world is increasing and the magnitude of the animal protein deficit in underdeveloped countries, achievement of these goals will require a great deal of effort.
World Livestock Resources.-The livestock population" of the world is roughly equivalent to the human population, i.e., 3 billion head, consisting of 1 billion sheep; The low productivity of livestock in developing countries can be attributed to a number of factors, some of which have cultural and religious roots. The main reason for the low productivity, however, is that scientifically based principles of disease control and animal production, which are mainly responsible for the high state of development of the livestock industries in developed countries, are largely unused. When modem principles of veterinary medicine and animal husbandry have been used in local areas in underdeveloped regions, such as in parts of Kenya, they have been highly successful.
World Animal Diseases.-Man has successfully limited the danger to himself from major epidemic diseases such as smallpox, plague, and yellow fever. A similar level of control, however, has not been achieved over the major epizootic diseases of animals. The distribution of the major epizootic diseases of livestock today does not differ much from the time of Christopher Columbus, except that cattle plague (rinderpest) has been eliminated from Europe and parts of Asia, and foot-andmouth disease has spread to South America (Fig. 1) . The livestock population of the world, except in developed countries, is subject to much the same depredation from diseases that have plagued it for centuries.
Major Epizootic Diseases.-The most important epizootic diseases of livestock are rinderpest, contagious pleuropneumonia, foot-and-mouth disease, African horse sickness, African swine fever, Newcastle disease, fowl plague, trypanosomiasis, East Coast fever, and piroplasmosis (Table 3 ). These diseases limit livestock production in susceptible species wherever they occur. It is impossible to develop a fully productive livestock industry in areas where these diseases are not controlled.
These reducing their productivity. They include diseases commonly known in the United States, such as brucellosis, tuberculosis, anaplasmosis, mastitis, vibriosis, and parasite infections as well as exotic diseases with romantic-sounding names such as Ondiri disease, Nairobi sheep disease, and Rift Valley fever. The incidence of disease and the morbidity and mortality in livestock are very high in developing countries. W. Ross Cockrill4 of the FAO describes half of the world's livestock as "diseased, hungry, unproductive and a burden upon the ... human population." Andrews' has said "it is an understatement to say that parasites and infectious diseases are the chief limiting factor in efficient livestock production throughout much of the world." Brucellosis is said to affect 20 per cent, tuberculosis 10 per cent, mastitis 20 per cent, leptospirosis 10 per cent of the cattle of the world.22 In one area,18 45 per cent of the cows' milk examined contained the tubercle bacillus. Deaths from hemorrhagic septicemia9 in the Far East some years amounts to 1 million cattle and buffaloes, mostly draft animals. The mortality may exceed 50 per cent among affected animals. It is difficult to conceive of efficient livestock production under these circumstances.
Wastage of Animal Protein.-Animal diseases cause significant wastage of foods of animal origin. Wastage results from death of animals, destruction of animal products such as meat, milk, or eggs, and from reduced production. These losses are calculable on the basis of meat or milk destroyed, or the net loss of production resulting directly from disease, provided reliable morbidity and mortality data are available.
A preliminary world-wide estimate of the losses caused by animal diseases was made by the FAO in 1962.8 They concluded that losses from animal diseases in countries in which veterinary activities had been in progress for many years ranged between 15 and 20 per cent of total annual production. In-countries in which veterinary activities are less intensive and more recently established, losses ranging between 30 and 40 per cent were commonly encountered. They did not estimate the loss in countries without animal health programs, but assumed that they must be of a very much higher order of magnitude. These Complete elimination of wastage from animal diseases is not a realistic objective. The benefit that might be derived from animal disease control measures, however, can be evaluated on the basis that for every reduction of 10 per cent in the wastage from animal diseases, an average per caput increase of at least 0.6 gm of animal protein per day is generated for every person in the world. A 50 per cent reduction in losses from animal diseases in Africa, Asia, and Latin America, which would increase the supplies of animal protein in those areas by 25 per cent, is a realistic objective.
Some Indirect Losses.-Development of a livestock industry ordinarily does not occur if the capital investment in animals is constantly exposed to the risk of being liquidated by disease. Agriculturists will invest in safer ventures even though the return might be greater in livestock. An animal industry rendered unproductive by disease does not provide incentives necessary for the development of necessary marketing, processing, and service industries. Control of the main epizootic diseases and parasites of an area is a necessary prerequisite to development of an efficient livestock industry. The inhibition of the development of a viable scientifically based animal industry in underdeveloped countries is the most important loss produced by animal diseases in the world today. The net effect of a 50 per cent reduction in animal disease losses might well be a doubling of animal production in underdeveloped areas over 10-15 years-if control of animal diseases has its expected effect of stimulating significant livestock development.
Animals are the principal source of power for agricultural enterprises in developing countries. The death or debilitation from disease of draft animals may result in reduced food production because farmers are unable to cultivate crops. Not only starvation, but also loss of foreign exchange may result. A good example is the destruction of a valuable 3-million-ton rice surplus for export, which accompanied a rinderpest epizootic in Burma just after World War II.9 In other parts of the world, horses, mules, asses, camels, buffaloes, and even elephants serve as important sources of agricultural power. Diseases of these animals have an important adverse effect on food production.
Of the more than 300 diseases transmissible among animals, more than 100 also are communicable to man. The incidence of zoonotic diseases is very high in. underdeveloped countries.22 Farmers and handlers of animals and their products run the greatest risk from the zoonoses because of their close contact with infected livestock. Debilitation of the human populations of underdeveloped countries is an important indirect loss from animal disease.
What Are the Prospects for the Future?-It is realistic to expect that the world supply of animal protein could be strikingly increased in the very areas where they are most needed if losses from livestock diseases were reduced to a minimum. Norris E. Dodd, a former director-general of FAO, has gone so far as to say, ". . . if the blood-sucking intestinal parasites of domestic animals could be removed, the resulting increase in food would more than satisfy the needs of all the deficient areas of the world." 13 It will require considerable time and effort to bring the world's animal diseases under practical control. However, there is no doubt that it can be done. The history of the medical sciences has shown that most problems of disease can be solved through research,2 and many qualified experts believe that nearly all infectious diseases will prove to be preventable.
It is my belief that the development of a viable and reasonably productive livestock industry in developing countries is one of the best presently available solutions to the world protein deficit. The key to the success of livestock development is control over the major diseases of livestock. A fully productive livestock industry has never been developed in areas where epizootic disease constitutes a threat. Control of disease must receive the highest priority in countries with animal protein deficits and the potential for livestock production.
Cost of Disease Control.-I know of no way to predict what the cost might be to bring the world's major animal diseases under control. For diseases such as rinderpest, for which effective tools for eradication are at hand, the cost can be accurately estimated, which of course is not the case with nagana because cheap and effective ways to control it or its tsetse fly vector have not yet been devised.
Some cost figures for eradication of certain diseases might be helpful in arriving at an understanding of the relationship of the cost of eradication and the losses caused by a disease. Nine diseases have been eradicated from the United States at a total cost for eradication procedures alone of less than $180 million (Table 4) . Foot-and-mouth disease was eradicated from Norway at a cost of $2 million,9 which was equal to the annual loss. The 40-year cost of the bovine tuberculosis control program in the United States has been $326 million20 as compared with an estimate of savings of $150 million per year, i.e., $6 billion, as a result of the program.
The measures required to bring the world's animal diseases under control undoubtedly will be costly. These costs, however, in the long run will constitute only a fraction of the losses that will be imposed on the people of the world if these diseases are not controlled. The polygastric ruminant, on the other hand, possesses in the form of a rumen a fermentation factory which renders the animal capable of utilizing complex polysaccharides such as cellulose for energy and synthesis of proteins from other proteins and nonprotein nitrogen. The ruminant does not require a dietary source of essential amino acids.
Ruminants are admirably suited to convert forage crops that are unsuited for human consumption into highly nutritious meat and milk, containing the lifegiving amino acids as well as other essential nutrients. With over 25 per cent of the world's surface suitable only for grazing' and the tremendous potential for utilization of by-products of human food crops as feed for ruminants, every effort should be made to capitalize on the unique ability of the ruminant to convert substances that are unsuitable for human food into animal protein, man's most needed dietary factor.
Conversion of Proteins from Unconventional Sources to Highly Acceptable Animal Protein. Swine and chickens are particularly efficient converters of feed into meat. For example, it is possible to produce a 3-lb chicken from well-bred stock kept free of diseases with approximately 6 lbs of a properly balanced ration. Meat from pigs and chickens are highly acceptable components of human diets throughout the world except where there are religious restrictions to their consumption. These animals, therefore, might serve as effective and efficient converters of proteins produced from unconventional sources, such as algae fed on sewage effluents or yeast grown on paraffinic hydrocarbons obtained from refining petroleum, into highly acceptable food for people. One of the major limitations to the use of unconventional foods has been the difficulty of getting people to eat them. This objection can be overcome by using these products as animal feeds because animal products are almost universally accepted as desirable foods.
Tropical Animal Disease Research Needed.-Veterinary medical science has been largely preoccupied during the past 50 years with the solution of animal disease problems of developed countries, all of which are located in temperate climatic zones. In general, it has been highly successful in providing means to control the major livestock diseases in these areas. With the exception of a few high-quality tropical veterinary medical research programs carried out by European countries in their former Asian and African colonies, very little research in tropical veterinary medicine has been conducted. Unfortunately, many of these programs are not being continued by newly independent nations. The FAO has done a great deal to fill this gap, but it has not been able to meet the needs completely. Consequently, there is much to be learned about tropical animal diseases before underdeveloped tropical areas can be fully exploited for animal production.
There is need for the establishment at a very early date of a major research center located in the tropics devoted to tropical diseases of animals. Its mission would be to provide the world with the knowledge about tropical animal diseases necessary to bring these diseases under control and open up the tropical areas of the world to profitable livestock production.
Summary and Conclusions.-Over half of the people of the world are hungry, or suffer from malnutrition, the vast proportion of which is protein malnutrition even though the world has vast livestock resources. The animals in underdeveloped countries are highly unproductive. Disease plays an important role as a causative factor of low production. Diseases of livestock also cause a direct loss equivalent to 6 gm of animal protein per day for every person in the world. One of the best solutions to the world shortage in quality proteins is the development of productive livestock industries in underdeveloped countries.
The epizootic diseases, such as rinderpest, foot-and-mouth, contagious pleuropneumonia, and nagana, must be controlled before the livestock industries of developing countries can initiate serious livestock development programs. Livestock disease control programs, although costly to conduct, in a very short time will save many times as much as they cost. There is no doubt that properly mounted control programs can be successful.
There is an urgent need for the development in the tropics of an animal disease research laboratory which will provide the world with solutions for important tropical animal disease problems.
